Anxiety stemming from the challenges faced by engineering students has been shown to be a strong predictor of academic performance. Such anxiety may reduce students' self-confidence and result in loss of motivation and diminished cognitive function with associated academic difficulties. Past research to analyze sources and effects of anxiety among engineering students has focused on ways to influence pedagogical strategies over the long term, or to manage certain physiological responses to anxiety. Less common are studies that investigate the efficacy of timely interventions in response to self-reported vulnerabilities and concerns of engineering students. This paper presents data from practical efforts to identify and mitigate anxiety among engineering students. A group of twenty-seven engineering and engineering technology students who were part of a scholarship program was asked to submit journal entries in which they reflected on their fears and anxieties related to their participation in their degree program. Prominent themes which emerged from student reflection included time management and its effects on academics and social activities, the likelihood of degree completion and success in engineering-specific coursework (e.g. senior capstone projects), and aspects of life following graduation such as handling accumulated debt and finding a job. As a cohort, the students participated in periodic vertically-integrated discussion groups with faculty mentors and their peers at multiple levels of seniority, and were introduced to university resources designed to address specific student needs. Results of a follow-on survey suggested that peer-to-peer discussions can be useful in alleviating anxiety on particular topics. It was also observed that the interactions facilitated by these group discussions are helpful in developing a sense of community and shared enthusiasm among the cohort.
Introduction
Sources of anxiety among engineering and engineering technology students may stem from both academic and non-academic demands and generalized uncertainties regarding the road ahead. Such anxiety may lead to compromised student self-efficacy 1,2 manifesting itself as reduced motivation, concentration, or reasoning capability. 3 These symptoms often lead to a loss of confidence in engineering abilities and may reduce commitment to engineering degree programs, resulting in lower retention 4 . Various studies have been conducted which analyze the direct effects of both academic and non-academic sources of anxiety in engineering programs such as curriculum requirements, academic readiness (e.g. study skills), personality type, and attitudes toward learning 5 as a means of improving future pedagogical strategies and mitigation of physiological aspects of anxiety. 6 Students may question their preparedness for the program they have undertaken, their ability and level of commitment to meet the demands of a challenging curriculum, their capability to be competitive in their field after graduation, and whether their academic workload leading to diminishing quality of life in other areas. These sources of anxiety may be exacerbated for first generation college students, students suffering under financial duress, or both.
Studies of anxiety remediation strategies among engineering students are typically conducted with an eye to improving a particular course or program overall so as to benefit future students. While these efforts may result in average or program-cultural decreases in student anxiety, point sources of anxiety for individual students may persist. Others focus on management of physiological aspects (symptoms) of anxiety rather than root causes. 6 Efforts to discern the causes of anxiety and to propose practical near-term solutions are less commonly undertaken. This research aims to identify some of the prevailing sources of anxiety among engineering students and to test the efficacy of measures to mitigate the resulting anxieties within a given academic year. This paper discusses work that has been done to identify sources of anxiety as reported by a cohort of engineering and engineering technology students. Student perceptions of their individual vulnerabilities and concerns with regard to their degree programs and their outside personal lives are presented. Actions by faculty mentors to afford these students specific and timely means of clarifying and dealing with such issues are presented. Survey data of student perceptions of the outcomes following remediation efforts are evaluated and discussed. This paper is structured as follows. Section 2 discusses a scholarship program at Western Carolina University (WCU) from which the engineering cohort is drawn. A breakdown of the group's population is given and compared with the general population of students from the same department. Section 3 discusses journaling exercises in which the students were asked to reflect on areas in which they were personally insecure with regard to their degree pursuit. Section 4 describes remediation strategies implemented by the program directors in response to the students' journal entries. Section 5 presents and discusses survey data collected from the students on the relative usefulness of the remediation measures. Finally, Section 6 includes conclusions taken from the work.
Program Description and Cohort Demographics
The SPIRIT Program (Scholarship Program Initiative via Recruitment, Innovation and Transformation) at WCU, funded by the National Science Foundation, aims to provide assistance to academically gifted and financially needy students who are seeking degrees in engineering or engineering technology in the host department. The program 7 promotes student self-efficacy and retention through intensive mentoring by four program directors, undergraduate research with faculty guidance, promotion of a collegial and vertically-integrated cohort 8 , and connection of students with institutional resources to foster their success. The program, begun in fall 2014, is presently in its second of four funded academic years.
The program was populated during its inaugural semester by a diverse group of 27 students (10 freshman, 9 sophomores, 8 juniors). Figures 1 through 3 show the percentages of students as classified by gender, ethnicity, and major, along with comparisons to relevant groups at the host institution. Students may select majors from electrical engineering (BSEE), mechanical engineering (BSE ME), mechanical engineering technology (BS ET), and electrical and computer engineering technology (BS ECET). With regard to gender and ethnicity, the program cohort is significantly more diverse than the general population of the host department (which houses all engineering and engineering technology majors).
All scholars in the program are required to conduct research on a topic of their choosing under the guidance of a department faculty member. Over the course of their participation in the program (i.e. before graduating), each scholar will conduct a literature review, propose and conduct experiments, and presents their results to the group. Each research project is expected to reach the level of a publication/presentation at an undergraduate, professional, or academic research conference.
The scholars meet as a group with the program directors once per week. During these meetings, they listen to invited speakers, participate in group discussions and problem solving exercises, and present their research advancements. Host Institution Ethnicity (%) Figure 3 -Academic major selection among students in the program Scholars are vertically integrated through cross-year interactions in a series of five interdisciplinary Project-Based Learning (PBL) courses. In these courses, students engage in progressively open-ended engineering projects for which they have responsibility for management of time, cost, performance criteria, and other constraints. Vertical integration occurs as students interact with peers in separate courses at different year levels from their own to share experiences and project management insights.
As part of their participation in the program, scholars are periodically asked to complete surveys or journaling assignments. Journaling prompts are intended to provoke scholars' reflection on various aspects of their experiences at the university and in the program. Journal entries were typically 1-2 pages. These data are used to assess student needs, perceptions of the program, and the efficacy of program activities. Prior to the start of the program, a request for human subjects research was submitted and approved by the Institutional Review Board (IRB) at the university. The program directors completed appropriate training to conduct such research. Participating students were required to sign an informed consent form that was approved by the IRB.
Reported Sources of Anxiety
During the first semester of the program in fall 2014, the program directors conducted exercises with the scholars to establish mentoring relationships with faculty, to build intragroup cohesion and to assess students' potential academic needs. 7 Toward the goal of assessing academic needs and perceptions of the program, students were given a series of prompts for weekly journaling assignments. Among these, students were asked to reflect on sources of fear, anxiety, and uncertainty with regard to their choice of major, their academic preparedness, and their prospects for professional life.
Analysis of these writings revealed three prominent themes. These themes are listed below along with representative student comments. 2. Completion of the degree. Anxiety related to success and eventual completion of the degree seemed to stem from generalized lack of confidence in the students' academic ability. As one student noted:
"I am a first-generation college student, and the fear not being a first-generation college graduate is one that haunts me."
Other students listed specific deficits in academic preparation and the obstacles they present. One student comment in this category is as follows. Other sources of anxiety also mentioned in isolated cases included the accumulation of debt, loneliness, and an inability to take full advantage of opportunities available through the college experience. Although these were of interest to the authors, the mitigation of items enumerated above are the focus of this research at this stage.
Mitigation Strategies
With the major sources of anxiety identified from student responses that have been discussed in the previous section, the program directors devised a series of mitigation strategies using the weekly meeting time and the cohort dynamics to facilitate their implementation. The strategies were selected for their immediacy of effect (near term benefit being of concern in promoting the success of the scholars) and for their ease of implementation. They included the following activities.
1. Whole-group discussions of each anxiety type that were facilitated by the program directors. Graduate students were also present to assist with the discussion and to offer the perspective of older students. 2. Small peer-group discussions. Each group was limited to students in a specific year of their degree progress (freshman, sophomores, or juniors). 3. Journaling assignments that were aimed to stimulate discussion of the common themes in more detail. 4. A presentation by a representative from the Career Services department of the university in which the job market for engineering majors as well as job search strategies were covered.
For discussions, students were divided into the appropriate peer groups of around six student each. The directors issued prompts to spark discussion. Groups submitted notes of their conversation. Journaling topics were posted on line. Students were given one week to submit responses of 1-2 pages.
Results and Discussion
The activities described in the previous section were conducted over the first seven weeks of the semester. Following these activities, students were asked to complete a survey to help the directors assess the relative efficacy of the activities. The survey consisted of the questions listed below. Table 1 . Students generally found the activities to have a positive impact as evidenced by majority percentages of SA and A responses to survey questions. Results in the aggregate (SA+A) are discussed below. Student comments from a related journaling assignment on the efficacy of the activities are also given.
In categories 1-3, it can be seen that group discussions were of greatest perceived value. Peak benefits for these categories are noted in questions 2, 4, 6, 8, 10 and 12. Generalized benefit arising from the sharing of anxiety experiences and resulting comradery was frequently described as indicated in the following student quotes. Although the data show that journaling was of lesser impact than group discussions, several students found the journaling exercises to be of high impact, providing them an opportunity to reflect on and clarify their own anxieties, even where other strategies fell short. 
Conclusions and Future Work
Toward identifying sources of anxiety among engineering students and ways in which these sources can be ameliorated in the near term, this paper has presented relevant data gathered for an engineering student cohort. It was observed that personal reflection through written narrative and discussion had a positive effect on students' understandings of the sources and possible remedies for commonly occurring anxieties. These activities were easily implemented and fostered both self-awareness among individuals and cohesion among the larger group. It is perceived that these benefits effectively reduced academic anxieties and constructed an environment in which students were able to freely discuss problems with their peers.
It is noted that the sample group for this study is small. Further, since the student cohort that participated in this study was of high academic merit, there is no evidence that these results would generalize to all students, regardless of academic standing. Further research would be needed to verify the strength and extensibility of the observations from this study. Future work would involve a comparison between students in the scholar cohort and those in the general population of the host department. The PBL courses through which the scholars are vertically integrated would provide a convenient platform for this comparison. Extension of these results to much larger groups of students would likely be difficult without some organizational vehicle to facilitate segmentation into small groups as were used here.
A longitudinal study of the scholar cohort wherein the current younger scholars who will have matured through the program repeat these activities with future inductees will also be of interest. I would also be interesting to explore gender differences with regard to the activities performed in this study to mitigate anxieties.
